ABSTRACT TP63 is the most ancient member of the p53 gene family. The p53 family comprises three transcription factors (p53/p63/p73). They share a high degree of homology and similar domain structure. Yet, they can exist as truncated isoforms. Alternative promoters and splicing sites lead to the generation of several molecules. P53/p63/p73 are important to maintain cell homeostasis. P63 and p73 regulate many p53 target genes. This is due to their common structural features. Both proteins may compensate the loss of p53. This is a common event occurring in more than 50% of malignancies. Yet, p63 (or p73) has its own role. Studies from p63-null mice have shown the key role of p63 in embryo development. Several reports have supported the p63 role in epidermal development and in skin homeostasis. P63 involvement in heart development is currently being researched. Recent studies have found p63 to be "the guardian of human reproduction". In addition, p63 has an important, even controversial, role in cancer. Here, we provide a general overview of p63 regulation and activity. We discuss emerging concepts about its role in germ line protection, metabolism and cancer.
Introduction
P53/p63/p73 are transcription factors. They share structural similarities (Marcel et al., 2011) . They have three main domains: the N-terminal Trans-activation domain (TAD), the DNA-binding domain (DBD) and the oligomerization domain (OD) for the formation of functional tetramers (Dotsch et al., 2010 ). Yet, they exist as various isoforms with distinct functions (De Laurenzi et al., 1998) . P53 is an important tumor suppressor gene. P53 acts as a "sensor" of oxidative stress and DNA damage. Activation of p53 leads to cell cycle arrest, senescence or apoptosis, if DNA damage is irreparable. P63 and p73 are necessary to maintain cell homeostasis. Both interact with many p53 target genes (Benard et al., 2003) . Yet, p63 (or p73) has its own specific role confirmed by studies with transgenic mice. In this review, we provide a general overview of p63 regulation and activity.
P63: structure
The human p63 gene consists of 15 exons spread along more than 250 Kb on chromosome 3q27 (Murray-Zmijewski et al., 2006) . Alternative promoters and splicing sites give rise to six different protein isoforms (TAp63a, TAp63b, TAp63g, ΔNp63a, ΔNp63b and ΔNp63g) (see Fig.1 ).
The p63 gene contains two promoters, one located upstream of
P63: targets
TAp63 isoforms bind DNA through p63-responsive elements (p63RE) and p53-responsive elements (p53RE). TAp63 holds functions different from p53. In line with this p63REs are not responsive to p53 isoforms (Murray-Zmijewski et al., 2006 , Osada et al., 2005 , Sasaki et al., 2005 . In contrast to p53, TAp63a has two extra C-terminal motifs: the Sterile alpha motif (SAM) and the Transactivation inhibitory domain (TID). TID binds in trans the TA domain, leading to inactive TAp63a dimers. DNp63 isoforms interact with TAp63, leading to negative effects on TAp63 transcriptional activity. DNp63 binds the same DNA region, including the p53RE. Thus DNp63 affects the p53 family activity, exerting a negative effect on them (Bakkers et al., 2002 , Barbieri et al., 2005 , Benard et al., 2003 , Flores et al., 2002 , Murray-Zmijewski et al., 2006 . Yet, DNp63 isoforms are proper transcription factors. They induce different target genes (Dohn et al., 2001 , Wu et al., 2003 . DNp63 is fundamental for the maintenance of the stem and progenitor cells in stratified epithelial and glandular tissues (Pignon et al., 2013 , Senoo et al., 2007 . TAp63 has a role in female germ cell preservation (Suh et al., 2006) , in protection against cancer metastasis (Melino, 2011 , Su et al., 2010 and in senescence (Flores et al., 2005) . Inactivation and/or loss of TAp63 may promote a metastatic and an invasive phenotype (Adorno et al., 2009 ), see Table 1 .
Both TAp63 and DNp63 regulate miRNAs, a class of small non-coding RNAs. MiRNAs play a role in post-transcriptional repression of protein-coding genes. Some miRNAs can control p63 expression. P63 promotes miRNAs transcription (Candi et al., 2007) . This control can be indirect, since TAp63 activates Dicer, a miRNA processing component. DNp63 represses TAp63-induced miRNAs. DNp63 inhibits senescence-specific miRNAs, such as miR-138, miR-181a, miR-181b, and miR-130b, competing with TAp63 (Rivetti di Val Cervo et al., 2012) . In head and neck squamous cells carcinoma (HNSCC) DNp63 promotes miR-630 expression. At the same time DNp63 represses miR-181a, miR519a, and miR-374a.
Following cisplatin, ATM (a sensor kinase of DNA damage) activates DNp63. In this manner DNp63 regulates -through miRNAs expression-, cell survival or death. These miRNAs may control DNp63 expression, because of certain complementarity between their sequence and the 3'UTR of ΔNp63 mRNA (Huang et al., 2013) . P63 regulates other miRNAs like the miR-200 family members. The miR-200 family controls the epithelial-mesenchymal transition (EMT). EMT is a typical mechanism to promote cancer invasiveness and metastasis (Gandellini et al., 2012) . The miR-200 family represses transcription of ZEB1 (E-cadherin transcriptional repressor) and ZEB2. This leads to inhibition of EMT. In breast cancer cell lines, the miR-200 family expression is lost. This is in line with the development of the mesenchymal phenotype (Gregory et al., 2008) . DNp63 promotes transcription of miR-205. As miR-200, miR-205 has an anti-EMT function in bladder tumor (Tucci et al., 2012) . In short, p63 isoforms regulate a wide range of target genes with opposite regulatory outcomes.
P63: regulation
The p53 family regulates reproduction, DNA repair, metabolic processes, stem cells renewal and changes in epigenetic marks (Costanzo et al., 2014) . P53 members undergo extensive posttranslational modifications, which regulate their stability and function. In particular, a wide spectrum of unique modifications and interactions with cofactors regulate p63 activity. Besides, two RNA binding proteins, such as PCB1 and HuR, regulate p63 variants at mRNA level (Cho et al., 2013 . Phosphorylation and sumoylation of p63 may induce both p63 activation and/or degradation (Chae et al., 2012) . Ubiquitin E3 ligases, kinases, and other interactors regulate p63 stability . The peptidyl-prolyl isomerase Pin1 may modulate p63 activity. This in turn affects cell survival/proliferation and tumorigenesis (Li et al., 2013) . Pin1 consists of an N-terminal WW domain and a C-terminal peptidyl-prolyl cis/trans isomerase (PPIase) domain. The WW domain binds to phosphor-Ser-Pro (pSP) or phosphor- Thr-Pro (pTP) motifs of Pin1 substrates. The C-terminal PPIase domain mediates the cis-trans isomerization of pSP/pTP peptidylprolyl bonds. This results in conformational and functional changes of substrate proteins (Shaw, 2002) . Although the contribution of Pin1 in p63 regulation is much less clear, there are evidences for the role of Pin1 in TAp73a isoforms. Following DNA damage, a p300-mediated acetylation activates TAp73. This modification increases the interaction of p73 with the YAP1 transcriptional co-factor (Strano et al., 2005) . TAp73/YAP complexes bind to the promoters of apoptotic target genes (Costanzo et al., 2002) . Of note, TAp73 acetylation requires both conformational changes catalyzed by Pin1 (Mantovani et al., 2004) and c-Abl phosphorylation (Costanzo et al., 2002) .
TAp63a contains 14 putative Pin1-binding sites, 8 of which are in all p63 isoforms. In particular, TAp63aand ΔNp63a have a unique C-terminal region with 6 putative Pin1-binding sites. These sites are absent in the p63g isoforms. Recent evidence shows that Pin1 stabilizes the a isoforms, but not the g variants (Li et al., 2013) . This supports that the six Pin1-binding sites in the C-terminal region may play a critical role in p63a stability.
A key residue T538 within the SAM domain of p63a is necessary for Pin1 interaction. There are two possible mechanisms underlying the Pin1 effect on p63a stability. T538-Pro is next to the P540PxY543 (PPxY) motif, a site for the ubiquitin E3 ligase WWP1 (Li et al., 2008) . WWP1 modifies its substrates including p63a for proteasome-dependent degradation (Li et al., 2008) . The isomerization induced by Pin1 alters the conformation of the region surrounding the PPxY motif of p63. This effect regulates the binding of WW domain of E3 ligases (Bellomaria et al., 2012) . Or, Pin1 binding to phospho-T538-Pro may prevent WWP1-p63a interaction (Li et al., 2008) . The E3 ligase Itch also binds to the same PPxY motif, (Bellomaria et al., 2012) . Thus, Pin1 may affect p63-Itch interaction, resulting in p63a stabilization (Rossi et al., 2006) . The final outcome of p63a accumulation is the increase of p63 target gene expression.
P63 and skin development
Both TAp63 and DNp63 are important for skin and epidermal development (reviewed by (Botchkarev and Flores, 2014) . Transgenic KO mice for p63 die at birth. They show severe developmental abnormalities, including lack of skin, epidermal appendages and limbs. In mouse embryos, DNp63 is present in the surface epithelium, in teeth and in hair follicles. DNp63 exerts its function in committing immature ectoderm to epidermal lineages. Moreover, DNp63 inhibits mesodermal cell fates to determine a squamous epithelial phenotype in Xenopus and in mouse embryos. TAp63 is present in a set of dermal stem cells known as skin-derived precursors (SKPs). SKPs are capable of clonal and multilineage differentiation. SKPs derive from somites and from neural crest. TAp63 promotes p57kip2 expression, a cell cycle inhibitor, preserving SKPs. TAp63 null mice show a decrease of p57kip2 in tandem with an increasing proliferation and a self-renewal in culture. Restoring of p57kip2 levels rescues TAp63 null phenotype. SKPs and epidermal cells, derived from TAp63 null mice, undergo senescence, a persistent DNA damage and genome instability. Thus, TAp63 preserves both dermal and epidermal stem cells in a functional state with intact genome by promoting skin homeostasis. Further, TAp63 may be responsible of age-related changes that occur in hair follicle compartment.
In general, the p53 family has a key role in aging. Aging is due to a loss of regenerative capacity and homeostasis in the tissues. According to the "stem cell hypothesis for aging" the depletion of stem cells (together with a persistent DNA damage and telomere shortening) is responsible of age-related changes. It is not clear whether senescence driven by TAp63 may prevent cancer in tissues. It remains elusive if such an effect is underlying the role of TAp63 as tumor suppressor.
P63 and heart development
TAp63 is a key endodermal cardiogenic factor (Paris et al., 2012) . TAp63 modulates the specification, the proliferation/survival of cardiac progenitors. Cardiac progenitors migrate from the cardiac crescent. TAp63 may control the conversion of mesocardiac cells in cardiac progenitors. Congenital malformations occur with duplication and deletion of the region 3q27-ter (where the p63 gene is present). Moreover, when aggregated as embryoid bodies, embryonic stem (ES) cells recapitulate in vitro the steps of mesoderm and of cardiac lineages. The appearance of beating areas confirms the presence of mature cardiomyocytes in the cell culture. A study on the role of p63 during ectodermal commitment of pluripotent stem cells shows that TAp63 inactivation prevents the production of beating areas. Specific knockdown of TAp63 variants produced the same outcome. In vivo and in vitro the sequential appearance of specific markers shows cardiac lineages. A significant reduction of early cardiac progenitor markers (tbx5, nkx2.5, isl1) and mature cardiomyocyte markers (troponinT, aactinin and mlc2v) occurs in the absence of TAp63. ChIP-PCR data and chimeric co-culture rescue assays show that TAp63 is only present in endodermal derivatives. TAp63 may stimulate cardiac progenitor lineages. Besides, TAp63 may control the inductive role of the endoderm on cardiac progenitor fate. As a consequence, TAp63 may function as a self-renewal gene for endodermal cardiogenic progenitors. Experiments suggest the existence of feedback mechanism involving Angiomodulin (AGM) and Activin-A. Both proteins are cardiogenic factors required for cardiac commitment of embryonic stem cells (ESCs). TAp63 activates these factors during ESCs cardiogenesis. Both AGM and Activin-A, in turn, modulate TAp63 expression. Yet, alternative pathways may compensate the role of TAp63 in heart development. Two independent studies using TAp63-null mice show different results. In the first transgenic model, Suh et al., reported no embryonic development defect (Suh et al., 2006 ). Yet, the second KO mouse strain had a strong proportion of embryonic lethality (Su et al., 2012) . These data show that some modifier genes may amplify or neutralize the lack of TAp63, depending on the genetic background of murine strains.
P63 and female germ line
Germ line protection is essential for the perpetuation of the species during evolution. Maintenance of genomic integrity in somatic cells derives from evolution of germline protection mechanisms. Female germ cells undergo meiosis to generate haploid cells necessary for reproduction. This multiple-step process stops when cells reach a tetraploid state. The extended length of this phase makes the immature oocytes vulnerable. There is necessity for mechanisms ensuring genomic integrity of oocytes. TAp63, although dispensable for oogenesis, is present in primordial and primary follicles. In reserve follicles, TAp63 is present as an inactive dimer. The latter has a low DNA binding affinity. Post-translational modifications of TAp63 regulate a conformation change to active tetramers. Phosphorylation allows the release of the inhibitory interaction of dimers. This in turn increases the affinity for DNA and transcription (Deutsch et al., 2011) . This conformational switch of p63 is necessary for oocyte death. TAp63 is phosphorylated/activated following ionized radiation (IR) or cisplatin. In contrast to dimers, active tetramers show high susceptibility to degradation. A binding motif for an E3 ligase is present in the TA domain. Dimers, hiding such a motif, are more stable (Ying et al., 2005) . Dimeric molecules ensure a constant level of inactive TAp63. While tetramers have a short half-life. This allows a fine control of the oocyte death in response to stress. Following IR, no induction of pro-apoptotic genes as PUMA and NOXA occurs in primordial follicles from TAp63-null mice. Follicle reserve derived from PUMA or NOXA null mice is resistant to IRinduced apoptosis. The role of TAp63 as a "guardian of human reproduction" seems to be an ancestral function within the p53 family. While p63 maintains the ability to preserve female germ cells, p53 gains the "modern" role of genomic stability control for somatic cells. This implies that tumor suppression function and cell cycle control have evolved later (Amelio et al., 2012) .
P63 and male germ line
There is no evidence for a possible engagement of TAp63 in protecting spermatogenic precursors. TAp63 mRNA is present in mouse male germ cells (Petre-Lazar et al., 2007) . Yet, specific antibodies fail to detect its protein levels (Suh et al., 2006) . Following IR, mouse p63-null testis did not show any significant difference compared with wild type (Petre-Lazar et al., 2007) . A new p63 isoform, termed "GTAp63" (germ cell-encoded trans-activating p63) is present in human testis. Yet, GTAp63 is almost undetectable in all other tissues. This protein derives from a more complex 5' region of human TAp63 gene. Three extra upstream exons (U1, U2, U3) are fused with the exon 2 through alternative splicing sites. This generates different N-terminal splicing variants. The most abundant splicing variant derives from fusion of exon U1 with exon 2. GTAp63 differs from the previous described TAp63 isoforms for a 19-residues long N-terminal region. Indeed, it appears that GTAp63 expression is the result of an ERV9 LTR promoter activity. Presumably this isoform derives from an insertion of an endogenous retrovirus, ERV9. The 5' part of exon U1, in fact, overlaps the LTR sequences of ERV9, which are transcribed in testis. Likely this insertion may have enhanced the expression of GTAp63 (Beyer et al., 2011) . Upon genotoxic stress, GTAp63 induces transcription of apoptotic p53-responsive genes (PUMA, NOXA, CD95L). This may contribute to the maintenance of spermatozoa genome integrity. It represents also a potential novel tumor suppressor candidate of testicular tumors. Of note, histone deacetylase (HDAC) inhibition restores expression of GTAp63 in testicular carcinomas. In these tumors, p63 expression is often lost (Beyer et al., 2011) . It remains elusive whether GTAp63 contributes to p53-dependent apoptosis or acts independently from p53. In the latter case GTAp63 may act like TAp63 in oocytes.
P63 and metabolism
P53 family members regulate metabolism. This has an important effect for their tumor suppressor activity (Candi et al., 2014) . Cancer cells often suffer of starvation. They use aerobic glycolysis as their major source of energy. This metabolic switch (Warburg effect) is crucial for their survival. TAp63 is an important regulator of lipid and glucose metabolism. Transgenic mice (TAp63 null) show defects in fatty acid oxidation and mitochondrial dysfunction. Metabolic disorders such as premature aging, obesity and Type 2 diabetes occur in these mice. TAp63 responds to metformin, the drug used to treat Type 2 diabetes. In particular, TAp63g variant increases following metformin administration (Su et al., 2012) . Moreover, TAp63 null mice are prone to metastatic tumors. This phenotype is like the tissue-specific KO of sirtuin1 (Sirt1), AMPKa2 (one of the subunit of AMP-activated protein kinase, AMPK). A re-expression of such genes (Sirt1 and AMPKa2) in a TAp63 null genetic background rescues these mice from metabolic disorders. TAp63 regulates energy metabolism through gene transcription of Sirt1, AMPKa2 and also AMPK-liver kinase B1 (LKB1).
In particular, TAp63 regulates AMPKa2 mRNA levels, but also AMPKa2 activity. Moreover, LKB1, an upstream kinase of AMPKa2, is also a p63 target gene. Upon treatment with metformin, LKB1 levels increase. This results in a metabolic regulation and at the same time in an anti-tumoral activity mediated by LKB1 itself. Following starvation and caloric restriction, TAp63 activates Sirt1 transcription. This in turn increases glutaminase 2 (GLS2) levels. GLS2 catalyzes the conversion of glutamine into glutamate, which can be converted to a-ketoglutarate. This promotes the production of ATP via the tricarboxylic acid (TCA) cycle, or of glutathione (GSH). The latter is one of the most important antioxidant for the cell. As previously described for AMPKa2, GLS2 levels are regulated by TAp63 via Sirt1. Besides, TAp63 induces GLS2 transcription. TAp63 is able to ensure energy and survival to starved cells. At the same time, TAp63 contributes to the anti-oxidant defense under ROS-related stress conditions. Up-regulation of GLS2 decreases ROS levels within cells. Yet, TAp63 has a role in regulating the expression of pro-oxidant genes, such as REDD1. The latter is a stress-induced factor that is able to sensitize cells to ROS-induced apoptosis. In short, TAp63 activates pro-as well as anti-oxidant proteins depending of cell context. This effect has been already postulated for p53. Indeed, a TAp63-GLS2 axis could regulate ROS-induced apoptosis in a p53-null background.
DNp63 isoform also displays an important contribute to ROSrelated stress. DNp63 regulates glutathione peroxidase 2 (GPx2) expression. GPx2 is an important anti-oxidant Selenium-protein, involved in the conversion of hydrogen peroxide to water. Thus also the expression of p63 variants may be relevant for regulation of ROS balance. In brief, p63 represents an important regulator of metabolism. This is consistent with p63 activity as a suppressor of tumorigenesis and metastasis. 
DIFFERENT ROLES OF TAP63 AND ΔNP63 IN SKIN, HEART AND GERM LINE
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P63 and cancer
Alteration of p63 expression is linked to tumorigenesis. Although loss of function of p63 is definitely rare compared with the loss of function of p53 in cancer. Evidence shows that TAp63-null mice lead to loss of p53 activity. This effect promotes malignant phenotypes. Heterozygous mice for p63 and p53 have more proneness to tumor in contrast to mice with heterozygosity in p53 (Flores et al., 2005) . Indeed a close relationship exists between the p53 family members and the occurrence of cancer. P53 mutants exert negative dominant effects on wild type p53. Yet, they get the ability to inhibit p63 activity through the formation of a complex (Muller and Vousden, 2013) . Despite the evidence for p63 as a tumor suppressor, overexpression of p63 occurs in many human cancers (Reis-Filho et al., 2003) . Genic amplification on locus 3q27 (where the p63 gene is present) may induce an accumulation of p63 in epithelial cancers. DNp63 plays an essential role in maintenance of skin stem cells and survival. Besides, DNp63 inhibits senescence and apoptosis. These functions are linked to tumor growth in the early stage of cutaneous squamous cell carcinoma. In 80% of HNSCC (head and neck squamous cell carcinoma) data show an amplification of p63 gene (Massion et al., 2003) .
Evidence suggests that ΔNp63 represses differentiation in skin. ΔNp63 regulates many nuclear Vitamin D3 receptor (VDR)-target genes, including (Cyclin-dependent kinase inhibitor (CDKN1A). The latter is a proliferation negative regulator that may be in turn a downstream effector of p53 (Roemer, 2012) .
TAp63 isoforms can prevent metastasis and induce senescence (Su et al., 2010) . TAp63 is an important metastasis suppressor, acting through different pathways. TAp63 promotes the expression of Sharp1, usually downregulated in metastatic tumors. Sharp1 affects hypoxia induced factor (HIF-1) stability. Sharp1 may need TAp63a for its activity. While loss of ΔNp63 does not influence Sharp1 stability (Piccolo et al., 2013) . P63 induces the miR-200 family, whose members can control the epithelial-mesenchymal transition (EMT). EMT is an important step to enable metastasis and invasiveness. DNp63 is able to activate miR-205, inhibiting the EMT in bladder tumor (Tran et al., 2013) . While TAp63 promotes transcription of integrin-recycling genes (D'Aguanno et al., 2014) .
In brief, the role of p63 variants in tumorigenesis remains elusive. The model, TAp63 as tumor suppressor while ΔNp63 as an oncogene, represents a too simplified overview.
P63: a link between genomic stability and metabolism?
Recent studies in vivo emphasize that p53 tumor suppressor function relies on its ability to regulate metabolism. Data available from mouse models show cooperation between p53 and Sirt1 for genome integrity. Sirt1 modulates p53 transcription-dependent apoptosis. Sirt-1 mediates p53 translocation to mitochondria. P53 translocation from the cytosol to the mitochondria occurs in response to high levels of ROS. P53 accumulation into mitochondria may lead to transcription-independent apoptosis (reviewed in (Gonfloni et al., 2014) ). Recent findings from TAp63 or TAp73 null mice highlight the pivotal role of both factors in metabolism. TAp73 null mice develop metabolic defects associated with reduced levels of TAp73 target gene Cox4i1 (cytochrome c oxidase subunit IV isoform 1) (Rufini et al., 2013) . Consequences of these disorders are mitochondrial respiration defects and increase in ROS production. This results in premature aging. Furthermore, the energy sensor kinase AMPK induces TAp73. TAp73 protein half-life increases in the nucleus after pharmacologic stimulation of AMPK by AICAR in HCT116 and HCT p53-/-cells. Prolonged activation of AMPK leads to apoptosis-p73 dependent, but only in p53-expressing cells. TAp73 is essential for p53 stabilization during AMPK activation. Yet, TAp73 is dispensable for p53 activation following DNA damage (Adamovich et al., 2014) . A recent study shows that TAp63 controls various aspects of metabolism. This in turn may contribute to TAp73 tumor suppressor function.
Elsa Flores and colleagues noticed that TAp63 null mice develop many metabolic defects into adulthood. TAp63 null mice have lipid deposits in various tissues, even when food intake is comparable. Besides, TAp63 null mice show insulin resistance and glucose intolerance, leading to obesity (Napoli and Flores, 2013) . These metabolic defects are in tandem with low levels of TAp63 target genes. Indeed, ChIP-and gene reporter data show that TAp63 is a transcriptional activator of Sirt1, AMPKa2 and LBK1 (Fig.2) .
Emerging evidence shows that DNA damage induces metabolic changes. These changes increase nucleotide precursors synthesis, promoting DNA repair (Jeong et al., 2014) . Metabolites (including acetyl-CoA, NAD+, FAD/a-ketoglutarate) are necessary for the 92 S. Gonfloni et al. activity of histone modification enzymes. NAD+ is required for deacetylation or polyADP-ribosylation of chromatin. Instead, FAD/aketoglutarate and S-adenosyl-L-methionine modulate reversible methylation of histones. Further proofs of the connection between metabolic flux and genome stability come from Jeong and colleagues. Genotoxic stress induces high levels of the mitochondrial protein sirtuin 4 (Sirt4). This in turn reduces glutamine consumption and the levels of tricarboxylic acid (TCA) cycle intermediates in primary and tumor cell lines. Loss of Sirt4 expression leads to an altered cell-cycle arrest and accumulation of DNA damage. Likely, Sirt4 may preserve genome stability following genotoxic stress by regulating glutamine metabolism.
In conclusion, it is evident that regulation of energetic metabolism is a main function of the p53 family of genes (Rufini et al., 2013) .
Conclusions
The p53 family has an important role in cancer development and in metabolism. Yet, the molecular details of the interplay between p53/p63/p73 isoforms remain elusive. Recent data from Morgan and colleagues suggest that p53 binds its responsive elements in many chromatin contexts. Moreover, p53 (and likely p63) acts as pioneer factor. Since p53 can bind DNA within closed chromatin, lacking other chromatin features of enhancers (Sammons et al., 2014) . This intrinsic property of p53 (and of p63) suggests unique chromatin-based regulatory mechanisms. These mechanisms may regulate the p53 family-mediated responses in a specific cell lineage.
The function of p63 isoforms in the skin is still object of investigation. Transgenic mouse models highlight the critical role of p63 in stem cell maintenance and renewal. Besides, p63 has a role in DNA damage stress response. Recent findings show an important role of p63 in metabolism. These findings point out future directions. Besides, they bring more insights to the p63 function in different signaling contexts. Yet, it remains elusive whether and at what extent TAp63 controls metabolism and maintenance of genomic integrity. This will be relevant for the development and design of targeted therapies for cancer patients.
